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ABSTRACT : PROBLEM TO BE SOLVED: To provide an acceleration sensor where an acceleration 
sensitivity is easily measured for adjusting its sensitivity. 

SOLUTION: A vibrator 1 1 is supported in floating on a silicon substrate 10. The vibrator 1 1 
displaces in (y) direction when it is applied with an acceleration in the (y) direction 
(displacement direction). The displacement in (y) direction of the vibrator 1 1 is detected as 
a displacement signal, and an applied acceleration is detected based on the displacement 
signal. The acceleration sensor comprises measuring electrodes 16a and 16b where a 
drive signal is so inputted that an electrostatic attraction with the vibrator 1 1 fluctuates to 
vibrate the vibrator 1 1 in (y) direction. Based on the drive signal and displacement signal 
inputted in the measuring electrodes 16a and 16b, the resonance frequency of the vibrator 
1 1 in (y) direction is measured. 
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Vdc [V] 

k t . Sg 2 1 6 b EPJP § i t h tg^ * fiSBBE 

fc S^feO3cc5«ESr^Ji^#ifi£0Ji^T A M^-p L 
7t^egmE*^^4 

Vdc + Vacc os (2»-f ■ t+51+i) sin 
(27r-fh-t+6>2) [V] 

m cmmvk) <^mm%^. a 1 . e 2iiEm«o^^-r 
fi-mfl^r, z\<7»§r£. ±.mmm>iX,mm 12a. 1 

2 btftBSix^iSJ^jSy^f -c ;L 9XW 

K>m< ztizx*). &Mmmk f s c h z ] <t < 

[0049] El9tc^$iiSJ;^(c, ±fe 

IBKlIUSSgC 6 1 lei 0 ±le^ 1 ai^SS 1 6 a {^epjD $ 
ii^(I^*il?TimEtSig^co3cM«E*S]S*#i£^ 

Vdc + Vac cos (2n ■ f • t+#l) sin (2* 

• f h • t + e 2 ) [ v ] 

kl . ^2«€«ffil 6b(cE[JJP$iXl.fi-^S-il:oSSE 
k iS^^3cSS«E*r«JK.*#ie^Ja^&-C'AM^Ii L 
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. Vdc+ Vac c o s CItt ■ f • t + 6 1+ n ) sin 
( 2 s • f h • t +0 3 ) [V] 

2a. 12b Cfi45 ft.fcfcJ3i£ ^ 4 7 f 

a-^tk or#< ; fc <c j: o „ xmm&m fs t h z j 

ft. 4. 

[0050] ifc . HI 0 Jci^Sft.* J: o iz . ±ieiEi& 
Elftfll 6 1 tcj: 0 ±E«J 1 ffl^fKS 1 6 afcfflJnSft.* 

Vb [V] 

b^mztizmatimfflmLo 1 /2<r)mmx^xm. 

V b + Vac sin (2»' (1 / 2 ) f • t ) [ V ] 
J:LTfe.fcH. CIT. Vb{i»f 1 ltfie (G 
ND) fc^ip^riS^ff^, f JiTPJSftS^tfe* 

si2a, i2t» izm*ztiiz#mmtm<7) 1 / 2 e>jn 

«fs [Hz] *s»(S J; < 3»£3*U. . 
[ 0 0 5 1 3 $ fclc. HI 1 t^Sft-g, «fc 0 iz, ±KfE 
WHISggpe 1 iz£ *)±im 1 1 6 a tcEpjnSft. 

S^f-f-SrifigSttEEt^ilS^&ttaytJijgftftw 1 /2 

V b + Vac sin (2f (1/2) f-t) [V] 

fc L. lg2}ffl|7E«©l 6 MCfMn^ft&fi^jfijfi^ffi 

fc ^mzn&m&jmmmstc) 1 / 2 ojaamoxsre 

Vb + Vacs i n ( 2n ■ ( 1/2 ) f ■ t + s/2 ) 
[V] 

fctTtJ:^. ±f2MK#?tbWSl 2 

a . 12b (cffig $ ftjfc£fifl88asw> 1 / 2 tfOSifc»$: 

s [Hz] # J ffi6£ct < MJESft.*. . 

dS2mt^!S) bit. xmizimm* ywzmmt 
ifzmzmm&m&mi 2- hi 6£&->xtiwt&. 
tea. mimmnmizteuxte, h»jti mm/ 
mm (Hi 2w±fli&tjnF«) Mmizmmm^i 1 * 

!ftA£trJ:3(c£R3ft.ftj|{i. Si 2 *g^B& l 6 a , 
BTl 1<7>— III (Hi 2a_hH) c^MBHcfe^T , x:fir 
7 0a. 7 0 b $r ftffl L tz Z t 1 HSfcJf?® t R^r 

i mmmt mmx'$>z,tz#>z<nwm*mwii 

[00 52] *mmmntiumi&*y-*cr>?gifg.*MJ£? 
hm^mnmmmz^xm 1 2tz&^twizim-t 



h . H 1 2 lc^$ft& J; -3 {c, C ^M^ffitiTs^ < (± 

iEf«gc7 1 . luie^aiifliss-gce 2 1 *tu^ 
[00533 usmmwsm 7111 ? 7 y^ 3 > > 

?73*rfi,iTi3'). ileitis 1 iw*igjg 

ifeftf s [Hz ] ^fltaj"*-4fc»(C. IBiftff-^ («JE) 

(«ay*aysiiKSRf ) ^m^^tbuibsi . 

H 2SJJ&KS7 0 a . 7 0b (cepaD^-2> . 
[0054] tth-lo . ±157 r >/ v g > 'yi *l, — 

(IE) $r-^<7)ii±ia^l . SS2iBI^«ffi7 0 
a . 7 0b t^-fL^LEPiirr^ , -c LX . H 1 3 
il^iotz, SSI , ^2l.tlS7 0a, 7 0b CiKS 

Vdc + Vacs in (2s - f ■ t) [V] 
*rEpjD-ri». Vdc(±]SS«l±*r. Vac{i«« 

( jas ) Sr . f (i^tb^ji^ftiJ * ZiX^'tl^, 
[ 0 0 5 5 ] i o 2r«lft£*-r-&|0»|sl»ai7 1 ^ 
«fc 0 . mmm? l l (i^aiftliiUftfi f ct y ^raitc 
«tilBii $ ix h ... Kcte . _hl e y r >■ Hs^Wx. * v— 
9i3<n¥tMBr% (MS.) it. m-^^r-Aiza^x^- 

[ 0 0 5 6 ] £ fc, H 1 HS&^SI t P)«(c^ai[l]g^ 6 
2 coHiitiili^ 6 7 ti . M^.if 1 . II 2 iSJ5&Bffi 
7 0a. 70b (=Epjp$iifcSHBlll-f - («Eff ) lz£ *)± 
IfiJnilJg^ttJl:® 12a. 12b Izm^tXtz /J X£ 

mmmtzmmmmm^- («e> .icon 

i&ififSft-f- («JE) t±. 

ZWfcth i k K i 0 > 4tffiHMic f s [Hz] #j|gj£ 

[0057] yjiif^ Lit j; 5 1 . ^mmmiziix 

If. mt?m 1 %tBB!B£&ft£ ( 1 ) - ( 4 ) 
R«<0j»«**»i»ft4 J; {c^r^, . ^rfc . HI 4 
J; 5 iz , ±ieiEti[USSgp 7 1 tc «k 0 ±IEJ(t 1 

m 7 o a c man $ n s ft-§- $• Kggmffi >: 35atmffij&» ^ £■ 

Vdc + Vac s i n ( 2 «■ • f • t > [V] 

1 H2 siiiem® 7 o b c epj o $ *i s fi-f - * mkms. 

- Vdc+ Vac sin (2if f ■ t+f) [V] 

6 7<i. (?iJi{i'±leS 1 . 3B2ai^1l6K7 0 a . 7 0b 

fi 1 2 a . 12b Cfi* $ ixtz 7 Xc7)ffiS $ *Lfc*» 

*u«s^-(«E) Tit. n«t±teft-^ 

jst a . b o#ai7j ii-^iaofflffls** 9 o mt % h t # 

s [Hz] tfrnitzixz. 
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[oo5s] tfz, mi 5t-^SiU.j; oiz. iM&mm 
®$&%> 7 1 izx v item i Mimm 70ac epsn £ ft •§> 

1ST* A MS:p L££sSmJE>t>> ^^'l. 

Vdc+ Vac c o s ( 2 n • f - t + B 1 ) - sin (2 

7T • f h - t +6 2 ) [V] 

£ u m2M^nffi7 o hizmnzn&mn&mffiME. 

Vdc+ Vac cos (2jt - f ■ t + «l) - sin (2 
jt • f h ■ t + <9 3 ) [ V ] 

fcl-TiJ:^. f (i^iaii^ScS:, fhiiSSiM 

ft (iSJilft) O^ft^Sr. 0 1, f?2. <9 3*iffit<7)jg 

2a, 1 2 Mcfttt*ft^itJl}&./--f XJd-;U7^ 
/M'TROHK £ t tc«t 0 . f s [Hz] 

S£J:<«!l5E£ft.g.. 

[0059] $ £>(;:. H 1 6 C^$ft6 JtfafE 
»0»IS7 ItiOaSl. S2«5£*«7 0a, 70b 

iz en jd $ ft & rt^- s itaoff t ^jbii $ ii & & ai^fis m m. 

»<o 1 / 2 £?) Jlftictf03ciS«E^ & & 
Vb + Vacs i n ( 2 n • (1 / 2 ) f • t ) [ V ] 
tLXi>£^„ ZZX\ Vb{i«H^i ltmmiiL (G 
N D ) J: 5 =5riI?t«JE* . f ti^SISftfcfcajft 

112a, 12b izm^iztitiimfflmmco 1 / 2 com 

f s [Hz] *i»jg i < jPJ5g§i' L £ . 
[ 0 0 6 0 ] Sris. *5IW<0|Ut^SRtt±!E5e*?B!B 
CRje$ft* *><7)T'li3r< . J: 5 IT t J: 
^ . • fu f ESI l ISIfe)BflUz« ^T Sffl $ ft*: SbEiSmc 
ttz.X. mi 7fc^$ft4»5tl&B«rSfflLT*,J:^. 

C<oa^SWii»IStfcaj|g8iaj6 2 4:iBK)HI 
»»7 5fc£«;j.TtJ>K RBttB]IM7 5U. I£ffl#§ 
7 6, «MI»7 7&tfRlte0»7 8£:*rLT^4. -f- L 

t . ±ia»ffl« 7 6 tiH?ie.MfSiiiisg e 7 izmmztxx 

fcO. Huieffiilj^i i<7)y:fr|6|iOjgi&£ifc^t'$-£jt 
able, -k££M|f|MHl6 7K*3f»T»*LfcmiWtflHS 
^£«&9 0*fMB-*-S. fit. MIEHl. SI2jBi|5E« 

H6a, i6b. tammmttinM 12a, 1 2 b . m 

[006 1 ] JJEHM1B7 7{i. #ffi»7 6K««3ft 
Tfe 0 . fflESS 1 . &2jH£1B& 16a. 1 6 b . tXSS. 

wttmxsk 12a. 12b. ^aiiasggp 6 2mtw$m 
< j: o izMmnzixfzmmmm&mm-? 

[006 2] ±.Wm2mjzM&\ 6bKli£<7)JiMIS7 

7 iz&^xmmzivrzm^ <«e> a^^iKEpans 



ft. mi«?g«ffii 6 atjii^ft^ <«E> ftiMmm 

0SS7 8$-yMTi*ffl t §iLTMD§i'Ll>, ttiih. 

±ESB»l3Kas 7 5 (c J; 0 B 1 , S 2 M»E^ffi« 16a. 
1 6bt05t|i)ttOlBI!jg^ (1tl±) SrEninf 
[0063] C«J: :) ^r^Rg^Wri>IBilJ{aIgSai7 5 (c 

=t 0 , ±I5J1Sj^ 1 1 ttimffiJkM fs [Hz] {;T y 

t^comim^e 7 fr^ftxmmzm^ z&nmm 

tfs [Hz ] //}|!l5E$ftl>, 

[0064]^, ±mmmuM7 5 tc «k o . as i . 

H2)PJ5E«ffil 6a, 1 6btH6^L<t±H7i:lRltt 

tea? i mfo&mt>ziiv>-ai , irw^ i 1 <7>— mm/mm 

( 0 1 0±(PJ&l>'T{i ) ?M®Hz^ix?ix i *foSg 

sfLi>.ai i , n 2 moists i6a. i6b &mm I tz*. 

ZiXiZftlX.. m 1 SlZTjkZtlZ, J; 3 iz. x^-[6](;|5^ 

EHSilS® K m 2 gj|1t«ffi 96. 97i:L-Tt<t 
W Z\om%, «ftC±IESSl. *2«S«fl§9 6. 9 7 
SriSaHHFl 1 HKt^flbM ( 13 1 S<r>±{®RVTM) 

(csujtv>(cieatTHuieiBKi[iis^4 1 fr^cmmm 

a? 21111 9 6.97 tCEpjnSft^SElOfi^ ( «E ) 

xtx-e^ffio^spy >r xh^miz^mmmmtamm 1 

2a. 1 2 blzMs:ZixZ>« tit^X . mitimme 2<T) 

2a. 12b lzW£:2ixfzmm%SJ X^ffigit . MiC 
»JKJ:<S««Kaf s [Hz] #M5E£flS 4 
[ 0 0 6 5 ] Sfc, i«J: '3 £.*tl?tVS8ai®<?>m 1 - 
SI 28B««ffi 9 6.97 Zffil |>±S-^ S iieiPM^tl! 
U 12a. 12b izMX ZixhSJ X^f* tTffi 
M$ill» «t 3 t#«S«ffi9 6,97 £EpflD$il!.igift 

[0066] • HUlSH2HSfe®H8{3i3V 1 >T^.m$ft^a!l 
.^^Ktc ft z. X , 13 1 9 tc* $ ft jfflJ.^B «: Sffl L T 

tnm)\sl$%& lOOtSrflliTfeO, |aJSEi!J[I]g&3B 1 0 
Oti. 10 1, mSSSt 10 2. Rte0i?^ 1035 

W U T.^I§1eIeISS 1 0 4. 1 0 5 $-%LT ^-g. . * I 

x . ±i£^fflgi i o i immmm^6 7 iz&mzix 

T*>9, f/lEUfft^l l<7Jy^rrS]Oiilj$ritJR.^>:t"S 

(tf**9oi^flft4. -fit. ifrteaii . s%2iffl|;E 

m«S7 0 a . 7 0b. jDj1K^iU«® 12a, 12b. 

^tami^6 2Rx/mmm^ 1 o o*fc«t ->tff»$ 

ft€>/l-7°^tiiffi^2 n »■ ( nimWt) ttc&£oi<z-? 
[0067] ±E«Wi38 1 0 2fi. i&mk 1 0 i izmm 

$ftT^ o . ftrieas i . ai2jia5Ems7 o a . 7 0 b . 
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flniiK^aim^ i2a. 12b, tfummme 2Rvm 
mmm i o omizx ^xw^^ix^n—xy-t y# i 

[ 0 0 6 S 3 ±MW. 1 WHeMMI 0 a IZUZ <r>m$&$s 1 

Q2izti^xmiia*ixtzm^- cms.) w^rxs 
*u si 2 aiee® 7 0b iz&mm^ ims.) tf±M%m 

[USS 1 0 3 , >\M r xlSjtuiSS l o S&irlX&iSWfc 

- vdcmux. ^ixxmrn t $ nx epjp$ ixt . 

*> . ±mmm$m i o o k ± o is i , as 2 M5t«© 7 

Oa. TObCIl 4£|3NS<?)gBiMI# £8Jfln 
[0069] Z<7)£ 0 *»j«S:*-r 4K»@»SP 1 0 0 

c i *) . ±8aa»^ 1 1 tt^mmmm fs t h z i ccr 
y:&m teaman 3*1* (smmMtz.) . fu, ^ 

aaitf s [Hz] awes*.*. 
[oo7 0]i-fc, ±ieiBU®i?g^ i o o t«t o . m 
i . m2$mmmi o a, 7 0btai skisHs^sEM 
ft^t < ma ) s mmth x ? tz i x i> x v ■ mam 2 
mtmmizti^xi.t. mm^i (01 2^± 
h ) cwmiz^tiz'ti 1 *-$*oKK£ft.&ss 1 . 2-m 

ttI70a, 7 0b*J«fflt7t, iilC^Lt. 02 

oiz^txhXoiz. xXfaizim® (mmiz&^xu 
40) c4mpj$^tiss$^4S(si. ms2$bszx&i 1 

5. 116k IT tJ:v\ ^Oii^. tt^±I£3gl . IfI 
2iBjg«fiii 15. 116* lofc^^ffiMLTmrlElE 

»nis§gP7 lfr^commm^ («e> sgjan-rs. 

IBS&fl-f- (*E) tlTti. CT.itfUll 3^L<(il3l 
4K^£iiSff*!-T'£>-?T J: if*. .Tix£J:D. mtf± 

lessi , m2MMmmi 15.11 eizmnzntimm 

ft-^ (WE) RVZ&mWh&S-i Xi,#&lz±3£to8S. 
^tUmMl 2a. 1 2M~fig§ii&, f LT, tfcft 
mSMHS 6 2 OHij^lgSff 6 7tl ±£tw3« KflKiJflM 1 
2a. 12b lzm%.Ztltzmmti:S4 X&ffiSL, SgtC 
W*«t <£SSIiftft f s [Hz] tm^ixh . 
[007 1] £ fc, ^COJ: '» (c-eil^il^flOfiS 1 . 
m2jBi|Smffil 15, 1 1 65rfflU.4%£\ ±.mmm. 

mmmm 12a. 12b tc«A§*i.a j a x^w t 1 

T <KM$ilS J: 0 C#PJ5e«® 115. 116 ^Epin$ 
Ti<fcn» 

[0072] • mie#nsfejK«(c*5^x.i, mm<vm 

5eWM 16a, 16b. 70a, 70b. 96, 97, 

115. ii ezmifctt, m&Fi i *y^-rfei(cjiij) 

d &<7)X'$>ixl£ , 1 li^ttt'feoT t> J:^. 
[0073] • ffie^JS^HI.{C^V^T(i, IS 1 , S% 2 
ffll^sEffi 16a. 16b. 70a. 70b. 96. 9 
7, 115. 11 6£x:frfa(cMt^«#tt:Bl£L*: 



f>\ m£tfzixt->$mmm£ws))Ti 1 . s 5 . no 

K4tLT5iaj^&IS*«kL-. *ff6]^Sfl»^ 1 1. S 
3 . 110 4,5^jgUk5:£ J: o CSeffi-fiWflM*!: I 

[0 074] • IS 1 , 2 iPJl Jt'ffifli 16a, 16b. 7 
Oa, 70b. 9 6. 97. 115. 11 6 C*fLTS 
V -«fflk 5:*«a»e-^S:A^-rs«^-, 1 ill^07 r 

> 7 >- 3 > -Js. %v—9 ^mm-t^m-^izii. zvyft-f] 

$r 2HZ frisk IX ^cr>-UI,z5i&®}&*:im~tixl£J: i » 

^(cti. S^Kififflfc ^rSlEIJifl-f-^'ai-ciL^L-r 
ixii'X^K 

[0075] • mit&mtmmzti^xmmztxtimm 
mwo mmmt—m x& -> x , -eoffi^Eff^j&^if 

i . G e , S i C . S i xGel-x , SixGeyCl- 
x-y tTB«$i'L/t*«t LT t X \>\ 

[0076] • mm&mmmmiz&^xmmzixtzMs. 
s-t >^-<r>mui—mx'h ->t. y ^(^iits^ & 

[0077] (A) m^m 2 izmmmmm-t >mzn 

m.^m^mmt ixmtarthm\m/m2tmM 
mmmmt. ^mta^ixtcmiALm^mwsmm-t^mb 

mzXixii. Z\ixbmiRT/m2miEMMlzl!iLX. m 

nm-c^mwu r z.mfimim^z%M iitzvm 
ft-tSr^vTi ixmmM^z^&jjfaizmmiizm^. ± 
urn i msm 2 nuMmitiWMiz x 0 mm $ tx&$cim 
mzmaiZixhmmm^sj xi,i.mmm^zx 0 

[oo7s] ( o ) ji 3 xiz 4 tcieife^ turnm* > 
nm®A<7)%m£$£izm^t ixmmt^m 1 a^ss2 

£^HMtt«S8k rffii^/L^ k ^#®k^SlnaS-fc>' 

ix , ^j.t(fs^(ci*r&j#<5oa:»fi>'<-< T.xstX[iffi**5 
^izKfeirzfmm^£?^vxmm®T*^aijtoiz 
mm Ltzt%^ ±izm 1 m?m 2 tmmkmmmiz «t d 

[0079] 
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tt^BBtc«ti'Uf. tQmjmmzmmzmfc i t -urn 

[ooso] m*m5 izmmcmmzjiixiz^ 
3*k%&(iL zmmi-z z t x- . mmm=F RUMMmmm 

zt 

imi] *m*mzm s mm. -tyv-^m 1 mmmtt 

[12] mmmm. *■ fc± L T ^-«£*EI , 
[03 ] RHi&ff^r^H]S§[xL 

[0 5 ] l^^!Jffi^jiJ5E«ffi(-Epi)D$n-S.IE»)fl-f-^ 

[06 ] |5]|ISfi?t?».c7)}S«5g«ffi{cEnun$nsiEt!)fI^ 
5?iPJ£ 4" A ft — f- . 

[07 ] mmmmmcryM%mmizmn*ii&%mm^-cr> 
s >pj £ -r a f t - k 
[0s ] mmmmmeyMjtnmizmuztL&wmm^ 
swsr^-r Af t-K 
[09 ] mmm&mcrmmmmzepMZii&fimm^) 

S 'JfiJ £ ScT ? -f A f t — I- * 

[010] I^^MlJ®co-Mieffi.ffi(CEpjn§i-L^IEWfl-^ 
<05?'PJ5r*-t:$M Af t- h . 



[011] PIIIJSP^c7)M^miS(cEnSP^iL'&SEl>)fl^- 

0 mm k 94 -v- h ., 

[012] *%Ba^s.tHi3SK-fe >-*KrM2mmim. 

[013] PIIISgff^^PJ5E€ffi(cEnjD$ill.SB»ft-^ 
£*cr.?4 Af -t-K 

[014] mmmmmmmmmizma^ii^nmrn^ 

?>WM$:^-t? A Aft— h , 
[015] |5l^S£ff^OPJ5E«^(cEpjD$iL?»IEK)fi-t 
^iJ^JSr^-Tr? 4 Aft- 1- . 

[0i6] mmmmmcowMm&izmM^iiumm^- 

<r)W\mi:^~f9 A Aft- h , 
[0 1 7 ] m 1 Mfe^®^*iiiiIiSiiCOf J)5E^«^8ijf9iJ 
£^W&0, 

[0 1 S ] IS 1 llSfii*fig?»ffi-t > ^S^'r^tE 
B&0. 

[019] m2»^®.^it^jSicoM^«^'J^J 

[ 0 2 o ] m 2 mmmm^tm^ > ^.mm^i-m. 
i&0<. 

10 fflg.!: l T<0v- 'J 3 > 

1 1 JSiJf' 

12a. 12b nmmmmmm 

16a, 70a, 96,115 1 ffijglBffi 

i6b, 70b, 97, 116 mzmmmm 
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«€70afl 



Vdc — fffiffltSfc — afflink — ^jr- Vdc 



«70bfl 






21ali 



96 97 



^41 



*y mm 



a 12 22 



2laii 




IB-IE 


ID-IE 


ftftBft 


tiBB 



SWBB5 



-67 
^-62 



[ 3 *fH*Bfs 



K-75 



BNSDOCICh <JP 2001264355A_J_> 



(& 3 ) )01-264355 (P2001-I55 



mi 9] 




100 



- — 


^ */ — 




1 *aess 



mis 



— 67| 



-62 



[020] 



10 



al2 22 



116 



115 



21 all 




r"7 

a 13 23 



^71 



a y mum) 



BNSDOCID; <JP 2001264355A__J_> 



